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ABSTRACT
A test was designed to determine the attractiveness and/or repel­
lency of Brahman cattle to the horn f ly , Haematobla Indians (L .). This 
was accomplished by comparing fly numbers on two colors of cattle with 
five levels of Brahman breeding using two replications over a two-year 
period. Although there were indications of effects from factors other 
than animal breeding, in general, as the level of Brahman breeding 
increased an accompanying decrease in fly numbers was noted regard­
less of animal color.
Since the underlying cause or causes of the Brahman effect were 
not explained, a supplemental te s t was designed to yield information 
that would contribute to the development of a hypothesis explaining the 
Brahman effect on horn fly distribution. The horn fly was known to prefer 
dark colors and was believed to be sensitive to temperature and humidity. 
This te s t was conducted to determine if the total number of hom flies on 
animals of a particular color at any given time could be associated with 
the environmental factors of ambient temperature, humidity, and sunlight. 
A total of thirty-seven comparisons of these factors failed to indicate a 
significant association of fly numbers with the various environmental 
factors.
Another factor to which the hom fly was known to be attracted 
was carbon dioxide. Therefore, it was of interest to determine the
relative respiration rates of the main tes t group. The relative rates were 
determined by counting flank movements of each animal within the herd 
for a one-minute period. These data were collected on ten different 
occasions and indicated that the respiration rate increased as Brahman 
breeding decreased.
Brahman cattle are known to differ from the European breeds not 
only in respiration rate but also in their relative sweating rate. In addi­
tion, their characteristic gray color, when compared with a dark color, 
has less solar radiation absorptive capacity. On the basis of this 
knowlege, the number of flies on a single Brahman bull was observed on 
fourteen occasions and compared with respiration rate, surface tempera­
ture and moisture. These same comparisons simultaneously were made 
on an Aberdeen Angus bull. In neither case were correlations indicated 
between fly numbers and the various factors measured.
v iii
INTRODUCTION
The belief that the Brahman breed of cattle is  immune to ticks , 
f lie s , and mosquitoes, is widespread among cattlemen. Such a belief is 
understandable since species like the hom fly , Haematobia irritans (L .), 
are known to be attracted most to dark colored animals. (Bums, et a l. 
1962.) Most Brahman cattle are light colored. Therefore, in most mixed 
herds of c a ttle , the lighter colored Brahman cattle contain lower popula­
tions of hom flies . Little scientific information is available in regard to 
factors other than color which might be involved in the attractiveness or 
repellency of cattle to the hom fly.
The hom fly is one of the most widespread cattle pests in the 
United S tates. During heavy infestations, the irritation and loss of 
blood caused by the flies can result in heavy production losses of the 
ca ttle . According to recent U .S .D .A . estim ates annual losses due to 
hom flies may run as high as 179 million dollars.
Currently, good control of hom flies can be obtained with a num­
ber of insecticides now available. However, resistance of the hom fly 
to insecticides has been reported by Bums and Wilson (1963) and Harris 
(1966). In addition, because of the possibility of contamination of live­
stock products by deleterious residues of pestic ides, explorations of 
various non-chemical control methods is of great importance.
In view of the current awareness of the pesticide residue problem
and the lack of information regarding the hom fly and its  host relation­
ships, a project was initiated to determine the degree of attractiveness 
and/or repellency of Brahman animals to the hom fly. Realizing, how­
ever, that the ultimate benefit to be derived from such a study may not 
be fully attained until the underlying causes are explained, supplemental 
projects were begun in the last stages of the program in order to obtain 
data that may contribute to the development of a hypothesis explaining 
results obtained from the principal experiment. These were designed to 
measure the association of ambient temperature, humidity, and sunlight 
with fly numbers on different tes t animals; to observe the correlation of 
respiratory rate with levels of Brahman breeding of te s t animals; to com­
pare fly numbers on each of two animals as they were correlated with the 
surface temperature, humidity, and respiratory rate of each animal.
REVIEW OF LITERATURE
The American Brahman is about seven-eights Bos indlcus and 
one-oighth Bos taurus according to Snyder and David (1957). Neverthe­
le s s , the breed appears to differ little  from Zebu, Bos Indlcus. Francis 
(1965) regards both Zebu and the American Brahman as Bos indlcus.
Breed Resistance
Early reports on the Zebu breeds in the United States emphasized 
the degree of resistance displayed by the cattle to various p ests . One 
such report (Anonymous 1911) pointed out that the "so-called Brahman 
cattle" remained relatively free from ticks while other stock in the same 
pasture were literally covered with them. Furthermore, the cattle were 
less  affected by mosquitoes and hom flie s . The same author observed 
that the progeny of the first Zebu cattle introduced into Texas, about 
thirty years previously, continued to show resistance to pests . Parr 
(1923) indicated that Brahman ca ttle , in addition to tick resistance, 
show a noticeable lack of annoyance by mosquitoes and small black 
flies. He cites an employee of the Bureau of Entomology, J. D. M itchell, 
who observed resistance to ticks in crosses with as little  as one sixty- 
fourth Brahman blood. The la tter considered this resistance to be due to 
a waxy secretion emanating from the h ide.
Rick (1962), comparing purebred B. taurus and first crosses of B.
taurus and B. indlcus, observed two types of resistance to the tick 
Boophilus micro p lus, acquired and innate. He stated that the acquired 
resistance appeared to result from a hypersensitivity to salivary secre­
tion of the tick . This study showed that the Ji. taurus x B. lndicus 
crosses were more resistant than the straight-bred B. taurus, yet only a 
part of this could be termed innate, i . e . , the ability to manifest re sis ­
tance without having had previous exposure to tick infestation.
While tick resistance in Brahman cattle is known, there is little 
data available that would suggest resistance in Brahman cattle to hom 
flies. Resistance was suggested by Franks (1963) who singled out a 
particular test animal and observed that it was host to fewer hom flies 
than others of the test and that it was the only one-half Brahman in the 
test group.
Breed Characteristics
Several more or less distinctive Brahman characteristics could 
affect the hom fly. The breed is generally gray in color. It has an 
alert and lively temperament (Francis 1965). Ragsdale et a l. (1950) 
point out that Brahman cattle have an ability to move irritated skin areas 
by highly developed panniculus muscle attachments. Zebu skin con­
sidered to be thick by Parr (1923) and also Bonsma et a l. (1953) was 
shown actually to be thinner than the skin of some European cattle (Parr 
1923), Dowling (1955a).
B_. indlcus was reported also to have significantly greater num­
bers of apocrine glands per unit area of skin than B. taurus (Dowling, 
1955b). Allen (1962), studying the effects of steadily increasing air 
temperature upon sweating of Zebu, Jersey and Zebu x Jersey crosses, 
reported breed difference in a hot-room te s t . Jersey heifers showed an 
early and almost linear increase in sweating rates with rise in tempera­
ture, whereas sweating rates of the Zebu heifers did not increase until 
air temperature had risen to at least 85° F. and skin temperature to 95°
F. The crossbred animal increased sweating at a temperature intermedi­
ate between those of the two pure breeds. Schleger and Turner (1965) in 
a field tes t involving Hereford x Shorthorn and Brahman x Shorthorn indi­
cated the latter cross had a lower sweating rate than the other cross 
under mild conditions but higher under conditions of s tress .
Rhoad (1940), working with selected individuals of the Brahman 
and Jersey breeds, indicated that the reflected solar radiation varied 
directly with the intensity of the pigmentation, i . e .  as the color tone 
approached white the greater the reflection of solar heat from the coat.
On the other hand, he showed that solid black one-half Brahman x 
Angus, one-quarter Brahman, three-quarter Brahman x Angus crosses and 
purebred Aberdeen Angus showed very small differences in reflection.
Allen (1962), comparing Zebu and Jersey skin temperatures, indi­
cated that the rate of increase in skin temperature for both breeds 
appeared to be uniform over the air temperature range of 75° - 95° F . , but
below 75° F. Zebus had the lower skin temperature, while above 95° F. 
they had the higher mean skin temperature. He also indicated that Zebu 
had the lowest mean respiration rate at all levels of skin temperature.
Hentges et a l. (1962), reporting on a hematological study of 
Brahman and Hereford ca ttle , suggested that the rapid breathing noted in 
Herefords during periods of high temperature and humidity could partially 
be accounted for by the fact that Brahman cattle had a higher red blood 
cell count and total blood cell volume together with higher hemoglobin 
values. A study of the gas carrying capacities of the two species by the 
same authors showed that the Brahman's venous blood had significantly 
less  carbon dioxide than the equivalent for Hereford's blood. According 
to them , this would indicate th a t, on a unit b a s is , Brahman blood has to 
eliminate less  carbon dioxide per unit of time than Hereford.
Evans (1963) compared Zebu and British breeds. He found Zebu 
animals to differ in the following ways: (1) a higher packed cell volume; 
(2) a higher erythrocyte sodium concentration; (3) a higher whole blood 
specific gravity; (4) a higher gene frequency for fast moving haemoglobin; 
(5) a lower erythrocyte potassium concentration, and (6) lower median 
corpuscular fragilities.
Hom Fly Habits
The hom fly spends much of its  life on the host animal; yet it is 
quite ac tive, often making short rapid flights from one part of an animal
to another or from one animal to another (Bruce 1964). The fly, however, 
is not considered capable of extended flight (Bruce 1938). McLintock 
and Depner (1954) cite Hammer who indicated that the fly will not travel 
even a few hundred meters from its  host. On the other hand, Eddy (1962) 
recaptured marked hom flies up to five miles from a release site and 
Glick (1939) captured flies from an airplane at the altitude of 2 ,000 feet.
In their review of the literature of the life-history and habits of 
the hom fly, McLintock and Depner (1954) indicated that the stimuli that 
attract hom flies to their hosts were unknown. Since that time, Hargett 
and Goulding (1962) have shown evidence that vision is the most impor­
tant factor in orientation of the hom fly with respect to its host.
Tugwell, et a l. (1966) showed that carbon dioxide was highly attractive 
to hom flies.
Dark colored animals are preferred as hosts by hom flies (Marlott 
1910), (Bums et a l. 1962), (Morgan 1962), and (Franks et a l. 1964). In 
addition, dark-colored cloth was preferred over white by the flies in lab­
oratory studies by Hargett and Goulding (1962).
According to observations by McLintock and Depner (1954) hom 
flies prefer a temperature of about 37° C. with a range from 34° to 39° C . 
The same authors noted that, when the weather is bright and sunny, the 
flies ' resting places seemed to depend on the air temperature. At air 
temperatures up to 19° C . , they found the flies resting on the backs of 
the cattle . At air temperatures of 26° to 29° C . , the flies were always
8underneath on the belly or lower areas of the animal. Morgan (1962), 
working with bi-colored animals, stated that the flies were found on the 
white skin of the belly when temperatures were above 85° F. He noted 
further that during inclement weather, flies were observed on both white 
and dark-colored areas of all the animals. Bruce (1964), commenting on 
the hom flies sensitivity to changes in temperature, suggested that it is 
quite probable that the color preference exhibited by hom flies related to 
absorptive capacity of the coat color.
Hargett and Goulding (1962) found positive heat and olfactory 
responses in hom flies in laboratory studies and suggested that heat 
stimulates the insect to probe and feed, and odors and heat keep the fly 
near the animal. Their experiments also indicated that hom flies were 
repelled by temperatures at 110° F. and above.
MATERIALS AND METHODS
Test of the Attractiveness and/or Repellency of 
Brahman Cattle to the Hom Fly
Work was begun in July 1964 to determine if a correlation existed 
between per cent of Brahman breeding and attractiveness or repellency of 
cattle to the hom fly , Haematobla lrrltans (L .), It was conducted on Ben 
Hur farm at the Louisiana State University Agricultural Experimental Sta­
tion, Baton Rouge, Louisiana. The project was completed during the 
summer of 1965.
The experimental design which is shown graphically in Table I , 
allows for comparisons of fly numbers on five levels of Brahman breeding 
of two colors with two replications. Twenty animals were required for 
th is design. These are identified in Table II and Table in. Table IV 
shows the weights of the 1965 te s t herd. All animals were heifers.
The number of hom flies counted on a particular animal or trea t­
ment combination was considered as an index of the degree of attractive­
ness and/or repellency of that animal to hom flies .
Hom fly data were collected by counting the total number of flies 
on each animal. This was accomplished by two workers who simultan­
eously counted both sides of each animal with the aid of 7 x 35 power 
binoculars. In 1964, counts were made over a seven-week period. The 
counts were made at approximately 7:30 a .m . on two consecutive days each
9
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TABLE I . Experimental Design
 Animal Color_______________
Per Cent Black White
Brahman     Rep. 1 R e p .^  R ep^J^ Rep. 2
100 
75 
50 
25 
0
TABLE 11. The Identity, Color and Per Cent Brahman Breeding
Of Each Heifer Used in 1964 Test
________________Animal Color_______________
Per Cent Black White
Brahman Rep. 1 Rep. 2 Rep. 1 Rep. 2
100 1773* 1353* ------ ------
75 773 443 ------ ------
50 023 343 383 ------
25 983 ------ 703 193
0 943 433 243 113
*Dyed black.
—  Missing treatment combinations.
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TABLE III, The Identity, Color and Per Cent Brahman Breeding
Of Each Heifer Used in 1965 Test
Per cent 
Brahman
Animal Color
Black White
Rep. 1 Rep. 2 Rep. 1 Rep. 2
100 254* 14* 414 513
75 554 654 654 ------
50 814 474 584 ------
25 274 484 144 114
0 454 014 754 014
* Dyed black.
 Missing treatment combinations.
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TABLE IV. Individual Weights of Heifers Used in the 1965 Test
Animal Welaht
Animal Color
Per cent 
Brahman
Black White
Rep. 1 Rep. 2 Rep. 1 Rep. 2
100 710 635 600 545
75 745 775 800 ------
50 730 620 810 ------
25 565 605 955 900
0 610 605 760 720
Missing treatment combinations.
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week. In 1965, counts were made over a nine-week period. During 
each w eek, two morning counts and two evening counts were made at 
approximately 7:30 a.m. and 2:30 p .m . ,  respectively.
In order to minimize counting error, rapidly rising fly populations 
were suppressed by using low dosages of Malathion spray. In 1964 a 
.25% spray was used, but, in 1965 .12% was found satisfactory and was 
used throughout the latter season *__The dates of application are presented 
in Table V. Since the hom fly was known to show a color preference, 
two colors, black and white, were used for each breed level comparison. 
The white color was obtained by using Charolais and Charolais-Brahman 
crosses. Aberdeen Angus and Angus-Brahman crosses were used as a 
source of color for the black treatm ents. The purebred Brahmaruanimals 
selected for the black treatment were light gray in color so these animals 
were dyed black at approximately fifteen day intervals according to the 
procedure established by Franks (1962). This consisted of applying 
Luster Tint, bikini black, number 651, hair dye with equal parts of Ray- 
e tte , 20 volume, stabilized hydrogen peroxide at the rate of twelve 
ounces of total mixture per animal. As shown in Figure 1, the entire 
animal was not dyed. The hair dye was manufactured by Rayette Incor­
porated, St. Paul, Minnesota.
As noted in Tables II and HI, some of the desired breed combina­
tions were missing from the design both in 1964 and 1965. Therefore, 
only the lower three levels of breeding for both color treatments were
14
TABLE V. Dates Animals Were Sprayed With Malathion
Year    Date
1964
1965
7-22 - 8-14
6-3 7-13 7-23 8-6 8-13
Photograph of a Dyed and Un-Dyed Animal
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analyzed in 1964. The least-squares method of analysis was used to 
te s t the null hypothesis for differences in Brahman breeding, animal 
color, and breed-color interactions in 1965. All treatment combinations 
were represented in the 1965 te s t .
In addition a linear regression of fly numbers on levels of 
Brahman breeding for the black treatment was calculated from the 1964 
data.
The Association of Fly Numbers on Black or White Animals 
with Ambient Temperature, Humidity , and Sunlight
The association of fly numbers with measurements of sunlight, 
humidity and temperature was determined in 1965. This relationship was 
obtained for flies on both black and white animals. The point of interest 
was the question of whether or not fly numbers on animals of a particular 
color at any given time could be associated with the environmental fac­
tors measured. The various data were collected and tabulated in the 
following manner: (1) Fly numbers represented the mean number of flies 
on all te s t animals of the same color for a particular one hour counting 
period. Thirty-seven counts were made over a nine week period. These 
included morning and evening counts made by two workers as described 
earlier. Counts were made under open field conditions in order to assure 
an equal exposure of the cattle to the various environmental factors. (2) 
Temperature and humidity measurements were obtained from a hygrotherm- 
ograph housed in a standard c lass  A weather instrument shelter. An
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average hourly figure to be used with the thirty-seven fly counting peri­
ods was obtained by first averaging each fifteen-minute interval and then 
getting a mean of the four averages. (3) Sunlight measurements were 
recorded by a pyroheliometer. The data were transformed using the pro­
cedure described for temperature and humidity.
All environmental factors were recorded approximately one-half 
mile southeast of the thirty-acre pasture containing the test anim als.
Relative Respiration Rates for 1965 Test Heifers
The relative respiration rates for the various animals in the 1965 
te s t were estimated by counting the flank movements of each heifer.
Such data were collected on ten different occasions by three workers, 
one of whom kept time while the other two made simultaneous counts on 
a particular animal for a period of one minute. The temperature, tim e, 
and relative humidity data shown in Table VI were recorded at the begin­
ning of each counting operation. Approximately one hour was required to 
complete counts on the entire herd. Counts were made when animals 
were at rest and well accustomed to the presence of the workers.
Comparison of Fly Numbers, Skin Temperature, Respiration 
Rate and Surface Moisture Associated with an 
Aberdeen Angus and Brahman Bull
Comparisons of fly numbers, skin temperature, respiration rates 
and surface moisture on two show bulls of approximately the same size
18
TABLE VI. The Temperature and Relative Humidity Recorded 
at Time Respiration Counts Were Initiated
Temperature Per Cent
Date Time In Degrees F. Relative Humidity
8-18 8:45 A.M. 80 93
8-18 9:45 A.M. 82 90
8-18 2:00 P .M . 90 58
8-18 2:45 P .M . 90 61
8-19 11:00 A.M. 85 74
8-19 2:15 P.M . 88 62
8-20 9:15 A.M. 83 78
8-23 10:50 A.M. 85 72
8-24 10:30 A.M. 85 63
8-26 11:00 A.M. 89 59
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were made in 1965. The bulls were of the Aberdeen Angus and Brahman 
breeds. Both were well-trained and easily handled. They were held in 
neighboring lots about one-half acre in s ize .
Prior to collecting the different d a ta , the bulls were tied in 
shaded areas about twenty-five yards apart and allowed to stand quietly 
for twenty to thirty minutes. The various measurements then were taken.
The skin temperatures were measured with a tele-thermo meter, 
Model 44TD, manufactured by the Yellow Springs Instrument Company. 
The sensing element was applied to both sides of each animal and read­
ings were taken when the indicator stabilized.
Calcium chloride capsules were used to determine the surface 
moisture index in this study. The capsule was a modification of the 
type presented by Brook and Short (1960). An aluminum can, two and 
one-half inches in diameter and one and three-quarters inches deep with 
a tight-fitting lid was used as a container.
The capsule was constructed as follows: A dampened piece of 
four by four inch surgical gauze was opened out once, placed at the bot­
tom of the capsule, and fifty grams of calcium chloride granules were 
added. The remaining gauze was folded over the top surface of the ca l­
cium chloride. The capsule then was dried in an oven at ninety degrees 
C . for twenty-four hours. A single layer of gauze was spread over the 
surface of the calcium chloride. This was followed by a wire inlaid air- 
conditioning filter disc cut slightly larger than the diameter of the
container and forced snugly against the calcium chloride. A tin disc 
made from a fruit jar lid was cut to the exact diameter of the aluminum 
can and twelve holes, three-tenths of an inch in diameter, were drilled 
into i t . This disc then was glued to the upper surface of the can with a 
heat resistant aluminum glue. Excess glue was removed with a file to 
assure a tight-fitting lid.
The capsules were maintained in a desiccator jar containing cal­
cium sulfate when not in use and when being transferred to the field.
At least twenty-four hours before moisture measurements were to 
be made, the capsules were placed in an oven at 140° C. for drying. 
After drying, the capsules were placed in the desiccator where they were 
allowed to cool, then removed and weighed in milligrams.
Two capsules were applied to each animal for a five minute per­
iod. They were placed on both sides of the animal and partially secured 
with ace bandages. The bandage was wrapped around the animal's mid­
section and the aluminum cans then were placed between the bandage 
and the animal. In addition, slight pressure was applied to the capsules 
by hand to assure a minimum exposure to the atmospheric humidity.
After exposing the capsu les, they were placed immediately into 
the desiccator and transferred to the laboratory for re-weighing.
The amount of moisture picked up by the capsules was considered 
to be the weight difference in the pre-exposure and post-exposure 
weight.
RESULTS AND DISCUSSIONS
Test of Attractiveness and/or Repellency 
of Brahman Cattle to the Horn Fly
1964 Results
Hom fly counts, which were used as an index of the relative 
attractiveness and/or repellency of the tes t animals, are presented in 
Table VII.
Analysis comparing all treatment combinations in the 1964 te s t 
was restricted to the lower three levels of Brahman breeding. No week- 
to-week variation among treatment comparisons was indicated. Differ­
ences were not indicated for weeks or treatment x weeks interactions.
Significant differences at the .01 level of probability were indi­
cated for color, breed, and a color x breed interaction. The mean 
numbers of flies for these significant treatment differences are shown in 
Table VIII. More flies were found on black animals than on white, and 
more were found on the twenty-five per cent Brahman than on either the 
non-Brahman or the fifty per cent Brahman. Fly numbers tended to 
increase as Brahman breeding decreased in the black treatment whereas 
in the white treatment the opposite was true, i . e .  there was an increase 
in fly numbers as Brahman breeding increased.
Comparison among all five levels of Brahman breeding were pos­
sible for the black color treatment in 1964. Analysis of these data
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TABLE VII. Horn Fly  Numbers on Various Treatment Combinations in 1964
Total Number of Horn Flies Per Animal
Per Cent Brahman Breeding Per Cent Brahman Breeding
of Black Colored Animals___________________   of White Colored Animals
Date 100 75 50 25 0 100 75. 50 25 0
7-13 3 10 85 14 53 27 103 22 110 60 39 8 23 16
7-16 25 67 54 103 37 39 112 133 133 104 49 27 68 49
7-20 29 140 61 70 105 72 194 137 146 70 96 49 89 32
7-21 34 70 102 58 48 121 216 115 55 64 119 36 169 26
7-27 6 46 33 19 29 28 78 21 135 40 85 19 106 17
7-28 12 65 92 24 26 59 110 124 133 56 50 25 58 54
8-3 19 46 106 24 34 54 99 36 133 81 77 9 35 29
8-4 15 48 69 32 33 18 103 39 73 88 37 5 75 15
8-10 43 93 131 118 132 31 140 161 224 106 44 67 156 59
8-11 14 93 130 70 116 63 145 114 140 117 87 33 137 90
8-17 11 72 102 24 54 55 83 111 115 60 120 8 36 39
8-18 4 54 46 29 74 27 188 99 170 35 58 52 109 78
8-24 38 85 104 63 86 154 77 160 172 136 68 78 80 107
8-25 64 61 116 51 65 101 156 132 182 97 65 50 88 67
toto
TABLE VIII. Mean Number of Flies Per Treatment
in 1964
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_____________ Animal Color_____________
Black White
Per Cent Mean Standard Mean Standard Mean for 
Brahman Number Error Number Error Breed Level
SO 63.7 t  9.2 79.6 1 8.0 71.6
25 128.9 t  9.9 71.0 + 7.4 99.9
0 100.3 +13.1 48.4 + 7.7 74.4
Mean for 
Color 97.6 66.3
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Indicated a significant linear regression of fly numbers on levels of 
Brahman breeding. Figure 2 shows that as Brahman breeding increased, 
there was an accompanying decrease in fly numbers. The regression 
was significant at the .05 level of probability. The coefficient of 
determination for these data indicated that 29.6% of the variation in fly 
numbers was associated with levels of Brahman breeding.
Discussion
In spite of the fact that over seventy per cent of the variation in 
fly numbers was associated with factors other than Brahman breeding, a 
definite breed effect was indicated in the black te s t group in which fly 
numbers decreased from a high mean of 105.6 flies per pure-bred Aber­
deen Angus to a low mean of 26.4 per Brahman animal. On the other 
hand, since this breed effect was not indicated in the breed x color 
interaction for the white animals, the following questions are raised:
(1) Are breed effects reversed by white color? (2) Are the Charolais ca t­
t le , which were used as a source of white color, capable of a greater 
influence on horn fly numbers than Brahman cattle?  (3) Was it possible 
that undefined variation accounted for the apparent reversal of results 
for the white color treatments ?
The first two questions can not be answered on the basis of the 
1964 data, nor can the third be fully answered although there is  some 
evidence of variation associated with individual animals that is  not
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Figure 2. Regression of Fly Numbers on Levels of 
Brahman Breeding of Black 
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explained by breeding or color. As shown in Table VII, fly counts varied 
among animals within the white color treatment at the 0% and 25% breed 
levels. While its  significance was not determined, this would appear to 
be individual variation. It should be emphasized that only the three 
lower levels of breeding were used in this test and individual observa­
tions could have a profound effect in such a comparison.
If white color or the Charolais breed accounted for the interaction 
obtained in 1964, similar results would be expected in 1965,
1965 Results
Horn fly counts on the various tes t animals in 1965 are shown in 
Table DC. As in 1964, fly populations were maintained at a relatively 
low level.
The full array of treatment combinations were analyzed in 1965. 
The least squares method of analysis of these data indicated that there 
was no difference in the number of flies on black and white animals, 
although the difference approached significance at the . 05 level of proba­
bility . The black colored animals had a mean of 57 flies while a mean of 
33 flies was found on white animals.
There were no color x breed interactions indicated in 1965.
Table X shows a mean number of flies for each level of Brahman 
breeding. Breed differences were significant at the .05 level. Regard­
less  of color, fly numbers tended to decrease as Brahman breeding 
increased.
TABLE IX. Horn Tiy Numbers on Various Treatment Combinations In 1965: Morning Counts Only
_________________Total Number of Horn Files Per Animal____________________
Per Cent Brahman Breeding Per Cent Brahman Breeding
of Black Colored Animals _  of White Colored Animals
Date 100 75 50 25 0 100 75 50 25 0
6-8 1 0 22 25 26 11 25 32 20 34 1 5 13 7 9 23 13 5
6-14 5 5 16 28 9 15 29 23 9 57 5 7 8 20 14 19 27 36
6-15 5 4 18 17 30 11 62 16 28 19 5 1 6 24 25 28 29 11
6-21 6 5 72 51 20 20 39 45 47 92 1 8 9 9 15 65 14 18
6-22 6 30 53 42 52 11 50 24 24 46 5 4 7 18 4 53 18 33
6-28 10 4 67 52 27 11 36 35 125 106 3 0 7 38 10 69 29 40
6-29 15 6 36 122 67 19 75 19 20 87 11 6 16 47 15 104 36 14
7-5 9 12 63 82 98 39 57 63 69 141 3 12 21 84 37 111 22 63
7-6 23 40 31 88 55 29 33 90 56 137 11 5 31 59 47 51 48 72
7-12 21 19 67 106 87 41 94 63 123 172 23 8 33 68 57 102 37 72
7-13 16 40 69 129 163 39 139 99 131 109 15 10 103 88 41 134 122 76
7-19 10 5 33 124 64 8 79 46 118 128 4 3 31 15 21 48 41 32
7-20 9 20 43 194 56 13 104 92 61 174 9 2 29 37 12 81 79 77
7-26 5 4 4 18 7 3 38 24 27 22 0 1 0 0 0 6 3 0
7-27 0 7 16 24 14 3 46 11 22 32 0 2 1 0 8 1 3 5
8-2 12 48 68 176 61 41 79 196 217 236 43 6 44 47 30 118 123 59
8-3 8 49 52 200 151 16 113 78 141 285 11 14 15 46 52 56 109 31
8-9 11 9 74 134 61 18 87 97 75 79 6 5 53 31 28 78 62 96
8-10 49 17 87 187 103 16 85 127 127 247 49 9 28 81 27 121 190 104
tooo
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TABLE X. Mean Number of Flies Per Breed Level in 1965
Per Cent 
Brahman
Mean
Number
Standard
Enor
100 11.27 + 1.4
75 47.34 + 6.7
50 39.15 + 4.6
25 54.85 1 4.5
0 72.24 ^7 .2
30
Discussion
These results indicated that Brahman breeding influenced fly 
numbers significantly, regardless of color, and that there was not a 
color-breed interaction. This would suggest that the 1964 color-breed 
interaction questioned earlier was affected by factors other than color or 
Charolais breeding. In addition, it should be noted that crossbred ani­
mals are intermediate in their effect upon fly numbers, a factor which 
would handicap a tes t of breed effects involving only the lower three 
breed lev e ls .
Conclusions
Brahman cattle were either less attractive and/or more repellent 
to the hom fly, Haematobia in ltans (L.) than other tes t animals repre­
senting European cattle breeds. The expression of this in terms of hom 
fly numbers is affected by individual animals and is not fully explained 
on the basis of breeding or color. In general, however, as the level of 
Brahman breeding increases there is an accompanying decrease in fly 
numbers regardless of animal color.
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The Association of Fly Numbers on Black or White Animals 
With Ambient Temperature, Humidity and Sunlight
Results
The total numbers of flies found on all black and all white ani­
mals were not significantly correlated with ambient temperature, humid­
ity , or sunlight in 1965. The fly counts on both black and white animals 
are compared with the various environmental factors shown in Table XI. 
The latter factors were associated with only about four per cent of the 
variation in fly numbers on both animal colors as indicated by coefficient 
of determination values of .042 and .0384 for black and white animals, 
respectively.
Discussion
One can conclude from these data only that the various measure­
ments were not associated with the number of hom flies on either the 
black or white animals.
Relative Respiration Rates of the 1965 Test Heifers
Results
The mean numbers of flank movements, which were used as an 
index of respiration rates for the 1965 te s t heifers, are shown in
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TABLE XI* Association of Sunlight, Temperature, and Humidity 
With Hom Fly Numbers on Black and White Animals
Date
Sunlight
in
Langleys
Temperature
in
Degrees F.
Per Cent 
Relative 
Humidity
Total Flv Numbers 
Black White
6-8 .42 73.5 82.0 196 76
6-11 .70 87.5 51.0 440 157
6-14 .42 79.5 88.0 196 136
6-15 .44 83.5 79.0 210 129
6-17 .50 89.5 51.5 248 84
6-18 1.10 90.0 46.5 244 136
6-21 .50 74.5 70.0 397 139
6-22 .51 78.5 77.5 338 142
6-24 .79 91.0 45.0 543 263
6-25 .50 77.5 92.0 449 268
6-28 .45 79.0 95.0 473 196
6-29 .44 79.5 91.0 466 249
7-1 .57 92.0 50.0 785 237
7-2 .35 88.0 54.5 750 245
7-5 .44 80.0 79.0 633 353
7-6 .45 80.0 88.5 582 324
7-8 .30 83.0 77.0 604 339
7-9 .38 86.5 69.0 766 332
7-12 .55 80.0 90.0 793 400
7-13 .46 78.5 99.0 934 589
7-16 .93 81.5 65.0 134 010
7-17 1.17 75.5 94.5 349 106
7-19 .48 82.5 72.0 615 195
7-20 .49 83.0 78.0 766 326
7-22 .80 84.0 73.0 1425 509
7-23 .70 92.0 47.0 1628 403
7-26 .36 78.5 95.0 152 010
7-27 .30 79.0 84.0 175 020
7-30 .80 87.5 50.0 950 154
7-31 .80 90.0 52.0 1201 349
8-2 .37 73.5 50.0 1134 470
8-3 .38 74.0 87.0 1093 344
8-5 .81 86.5 54.0 801 404
8-6 1.10 89.0 49.0 739 321
8-9 .35 74.0 95.0 645 359
8-10 .41 74.5 76.0 1045 609
8-12 .25 77.5 99.0 1582 769
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Table XII. These data show a trend toward a lower respiration rate as 
Brahman breeding increased. The rates ranged from 20.2 for one hundred 
per cent Brahman to 47.2 for non-Brahman. When color treatments are 
compared, the white animals show a lower mean respiration rate than the 
black animals.
Table XIII shows respiration data for individual animals for each 
period of observation. As noted previously in Table V, the temperatures 
ranged from 80° F. to 90° F. and relative humidity ranged from a low of 
58 per cent to a high of 93 per cent for the various counting times.
Discussion
While the respiration data raises the question of the possible 
role of carbon dioxide in explaining hom fly distribution among its host 
animals within a herd, the confounding of Brahman breeding and respira­
tion rates preclude conclusions.
Comparison of Fly Numbers, Skin Temperature, and
Surface Moisture Associated with Two Bulls ' ~
Results
Data collected on single representatives of the Aberdeen Angus 
and Brahman breeds are shown in Tables XIV and XV, respectively. A 
comparison of these data will show that the Brahman animal generally 
had a lower skin temperature, surface moisture, and respiration rate,
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TABLE XII. Mean Number of Flank Movements Per Minute 
for the 1965 Test Heifers in the Different 
Treatment Combinations —
_____________ Flank Movements_____________
_______________ Animal Color_______________
 Black  "White_____
Rep. 1 Rep. 2 Rep. 1 Rep. 2
100 27.7 20.3 18.2 14.9
75 25.1 29.0 19.7 ------
50 37.0 32.6 23.5 ------
25 43.8 44.3 28.2 29.3
0 50.9 51.0 47.7 38.5
 Missing treatment combinations.
Per Cent 
Brahman
TABLE XIII. Flank Movements Per Minute for Individual Periods of Observation
I
— —  ■! ^ >1 ,  |.N  — — — —
Treatments Animal  Date______________________________
PerCent
Color Brahman Number 8/18 8/18 8/18 8/18 8/19 8/19 8/20 8/23 8/24 8/26
Black
100 254 18.0 25.0 40.0 32.5 35.0 30.0 17.0 27.5 23.0 29.0
100 14 19.5 20.0 21.0 31.5 21.5 21.5 14.5 14.5 21.5 17.0
75 554 16.5 20.0 35.5 33.0 22.0 25.5 19.5 23.5 22.5 32.5
75 654 28.0 29.5 38.5 32.0 26.0 33.5 20.5 29.5 25.5 27.0
50 814 30.0 32.5 31.5 35.5 34.0 47.0 51.0 35.5 36.0
50 474 21.0 38.5 36.0 21.5 34.5 36.5 32.0 46.5 33.0 26.5
25 274 44.5 44.5 48.5 31.5 51.0 40.0 50.0 36.0 48.0
25 484 39.0 44.5 37.5 55.0 45.0 49.0 35.0 50.0 37.0 51.5
0 454 43.5 39.5 51.5 58.0 58.0 59.0 30.0 59.0 51.5 59.0
0 014 32.5 52.5 59.0 53.5 59.0 48.5 39.0 52.0 52.0 62.0
White
100 414 12.5 16.5 19.5 19.5 21.5 19.5 16.0 20.0 17.0 20.0
100 513 12.5 14.5 15.5 19.5 14.5 11.5 11.5 11.5 18.0 19.5
75 654 15.5 17.5 21.0 19.5 14.0 22.5 14.5 35.5 15.0 22.0
50 584 23.0 16.5 30.5 26.5 28.0 27.5 17.5 18.0 22.5 25.5
25 144 19.5 21.5 25.5 36.5 31.5 24.0 22.5 34.0 30.5 a6.5
25 114 28.5 33.0 33.5 24.5 30.5 31.0 19.5 23.0 20.0 39.5
0 754 42.5 49.0 47.5 49.0 49.5 46.0 33.0 51.0 48.0 51.0
0 014 30.5 36.0 42.0 43.5 34.5 49.5 25.5 37.5 38.5 47.0
CO
C/1
36
TABLE XIV. Comparison of Fly Numbers with Surface M oisture,
Skin Temperature, and Respiration Rate 
Recorded from an Aberdeen Angus Bull
Moisture 
in M g./Capsule
Temperature 
in Degree F.
Respiration
Rate*
Fly
Numbers
11.7 101.0 45.0 202
15.5 101.0 240
11.9 100.0 45.0 255
10.4 100.0 50.0 217
19.2 98.0 23.5 325
18.4 99.0 24.0 345
8.7 97.5 35.0 329
11.1 98.0 40.0 177
12.1 98.5 36.5 520
11.3 97.5 46.5 237
12.7 99.5 32.0 200
9.8 99.0 44.0 263
7.3 97.0 29.5 465
9.3 97.5 35.5 228
* Flank movements per minute w as used  as index of resp iration  r a te .
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TABLE XV. Comparison of Fly Numbers with Surface M oisture,
Skin Temperature and Respiration Rate 
Recorded from a Brahman Bull
Moisture 
in M g./Capsule
Temperature 
in Degree F.
Respiration
Rate*
Fly
Numbers
5.20 101.0 8.0 84
10.15 98.0 138
7.55 99.5 13.5 172
8.65 97.0 13.0 101
12.60 92.0 11.0 185
16.50 98.0 13.5 146
8.05 98.5 11.0 114
10.40 94.5 8.0 82
10.20 95.5 12.5 152
8.10 96.0 13.5 103
13.55 98.0 13.0 76
14.20 99.0 12.5 52
8.40 94.0 13.5 93
8.50 97.0 8.5 82
* Flank movements per minute w as used  as index of resp iration  ra te .
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and lower fly Infestations as well.
When fly numbers on the two bulls are compared graphically in 
Figure 3, the fly numbers on both animals appear to fluctuate together 
because the population peaks coincide rather closely . However, the 
proportion of the fly population among the two animals is distributed 
differently since a sample correlation coefficient of .399 with 12 d .f . 
indicated that fly numbers on the two bulls were not significantly cor­
related.
Graphic comparisons of fly numbers with respiration rates of the 
tes t animals are shown in Figure 4. Respiration rate did not appear to 
be related to fly numbers on either animal.
Similar comparisons are shown in Figures 5 and 6 and Figures 
7 and 8, where fly numbers are compared with surface temperature and 
moisture, respectively. There were no indications of a correlation of 
the various factors measured with fly infestations.
Discussion
Since the bulls used in this te s t were held in small adjacent 
lo ts , they were assumed to be exposed to lh e  same general hom fly 
population. This assumption was supported by the fact that fly numbers 
on both bulls appeared to peak together as would be expected if the 
assumption were true.
The fact that fly populations on the two bulls differed and were
Figure 3. Fly Numbers on Angus and Brahman Bulls
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Figure 4. A Comparison of Fly Numbers on £ach Bull
with Their R espective Respiration Rate
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Figure 6 . A Comparison of Fly Numbers on Brahman Bull
w ith Skin Temperature
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Figure 7 . A Com parison of Fly Numbers on Brahman Bull
with Surface M oisture
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not correlated suggests that fly numbers were distributed among the test 
animals independently of population fluctuations.
The graphic comparisons of fly numbers with the various measure­
ments offer no explanation for the numbers of flies to be found on either 
tes t animal. Furthermore, the question raised in an earlier discussion 
regarding the possible significance of slower respiration rates of Brahman 
cattle would seem to be partially negated by the fact that no association 
of respiration and fly numbers was indicated in these comparisons. But 
it should be emphasized that these data have a limited application and 
simply reflect conditions at the specific test time which may be totally 
inadequate to resolve the question of the possible role of a slower res­
piration rate in determining the distribution of hom flies among animals.
Selected Bibliography
Allen, T. E. 1962. Responses of Zebu, Jersey, and Zebu x Jersey
Crossbred heifers to rising temperatures, with particular reference 
to sweating. Aust. J. Agr. Res. 13:165-179.
Anonymous. 1911. Zebu cattle resistant to Texas fever. J. Hered.
2:233.
Anonymous. 1965. Losses in Agriculture. USDA Res. Serv. Agr.
Handbk. No. 291, pp. 82-83.
Bonsma, Jan C ., J. Van Marie, and J. H. Hofmeyr, 1953. Climato- 
loglcal research on animal husbandry and its significance in the 
development of beef-cattle production in colonial territories.
Empire J. Expt. Agr. 21:154-175.
Brook, A, H. 1960. Sweating in sheep. Aust. J. Agr. Res. 11:557-569.
Bruce, W. G. 1938. A practical trap for the control of horn flies. J. . _
Kansas Entomol. Soc. 11:88-93.
___________ . 1964. The history and biology of the hom fly,
Haematobla irritans (L .). North Carolina Agr. Expt. Sta. and Ent. 
Res. D iv ., Agr. Res. Ser. USDA Tech. Bull. No. 157, pp. 1-33.
Bums, E. C . ,  B. H. Wilson, R. S. Temple, andC . C . Phillips. 1962. 
Color preference of hom flies. Animal Science D ep t., La. State 
Univ. Agr. Expt. S ta ., Livestock Producers Day Bull. 2:37-40.
Bums, E. C . and B. H. Wilson. 1963. Field resistance of hom flies 
to the organic phosphate insecticide Ronnel. J. Econ. Entomol. 
56:718.
Dowling, D. F, 1955a. The thickness of cattle skin. Aust. J. Agr.
Res. 6:776-785.
___________ . 1955b. The hair follicle and apocrine gland populations
of Zebu (Bos Indicus L.) and Shorthorn (B. Taurus L.) cattle skin. 
Aust. J. Agr. Res. 6:645-654.
52
53
Eddy, Gaines W ., A. R. Roth, and Frederick W. Plapp, Jr. 1962.
Studies on the flight habits of some marked insects. J. Econ. 
Entomol. 55:603-607.
Evans, J. B. 1963. Adaptation to subtropical environments by Zebu and 
British breeds of cattle in relation to Erythrocyte characters. Aust.
J. Agr. Res. 14:559-571.
Francis, J. 1965. Definition and use of Zebu, Brahman or Bos lndlcus 
ca ttle . Nature (London). 207:13-16.
Franks, Richard E . , E. C. Bums, and N, C . England. 1964. Color 
preference of the hom fly , Haematobla Inltans (L.) on beef ca ttle .
J. Econ. Entomol. 57:371-372.
Franks, Richard E. 1963. Some aspects of the biology and behavior of 
the hom fly Haematobla irrltans (L.) (DipterarMuscidae) in the Baton 
Rouge, Louisiana area. M aster's thesis on file in the Library of 
Louisiana State University.
Glick, P. A. 1939. The distribution of in sec ts , spiders and mites in 
the air. USDA Tech. Bull. No. 673, pp. 1-150.
Hargett, L. T, and R. L. Goulding. 1962. Studies on the behavior of 
the hom fly Haematobla irrltans (L .). Oregon State Univ. Agr. Expt. 
Sta. Tech. Bull. 61:1-27.
Harris, Robert L . , E. D. Frazar, and O. H . Graham. 1966. Resistance 
to Ronnel in a strain of hom flie s . J . Econ. Entomol. 59:387-390.
Hentges, J . F . ,  R. L. Shirley, and J. P. Feaster. 1962. Comparative 
physiology of Brahman and Hereford ca ttle . Sunshine State Agr.
Res. Rpr. ^Fla. s t a ^ / 7:16-17.
M arlott, C . L. 1910. The hom fly Haematobla serrata (R ob.-D esv.). 
USDA Bur. of Entomol. C irc. No. 115, pp. 1-13.
McLintock, J. and K. R. Depner. 1954. A review of the life history and 
habits of the hom fly , Siphona in ltans (L.) (Diptera:Muscidae). 
Canadian Entomol. 86:20-33.
Morgan, N. O . 1962. The autecology of the adult hom flv Haematobla 
Irrltans (L.) (Diptera:Muscidae) on dairy ca ttle . Unpublished. 
Dissertation on file in the Library of Virginia Polytechnic Inst.
54
Parr, Virgil N. 1923. Brahman (Zebu) ca ttle . USDA Farmers' Bull. No. 
1361, pp. 1-20.
Ragsdale, A. C . ,  H . J. Thompson, D. M. W orstell, and Samuel Biody. 
1950. Environmental Physiology: DC. Milk production and feed and 
water consumption responses of Brahman, Jersey, and Holstein cows 
to changes in temperature, 50° to 105° F. and 50° to 80° F. Univ. 
Mo. Agr. Expt. Sta. Bull. No. 460, pp. 1^-28.
Rick, R. F. 1962. Studies on the resistance of animals to infestation 
with tick s . Aust. J. Agr. Res. 13:532-549.
Rhoad, A. O . 1940. Absorption and reflection of solar radiation in rela­
tion to coat color in ca ttle . Proc. Amer. Soc. An. Prod. 33:291 — 
293.
Schleger, A. V. and H. G . Turner. 1965. Sweating rates of cattle in 
the field and their reaction to diurnal and seasonal changes. Aust. 
J. Agr. R es., 16:92-106.
Snyder, L. H . and Paul R. David. 1957. The Principles of Heredity.
D. C . Heath and Company. Boston, pp. 1-507.
Tugwell, Philip, E. C . Bums, and Boykin Witherspoon, 1966. Notes 
on the flight behavior of the hom fly , Haematobla irrltans (L .). J . 
Kansas Entomol. Soc. 39:561-565.
APPENDIX
TABLE I. Analysis of Variance for 1964 Data
Source df Sum of Squares Mean Square F
Weeks 6 37,070 6,178
Color 1 20,554 20,554 18.1**
Breed 2 13,638 6,819 6.0**
Color x 2 23,462 11,731 10.3**
Breed
Error 30 33,994 1,133
Residual 42 35,282 840
Total 83 164,000
** Significant at . 01 level of probability
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TABLE II. Analysis of Variance for 1965 Data 
Least-Squares Method of Analysis
Source^/ df SS MS F
A, adjusted for B 1 2434.1 2434.1 5.1
B, adjusted for A 4 8012.8 2003.2 4.2*
AB, adjusted 
for A and B 4 1570.5 392.6 0.8
Error JL 3798.4 474.8
Total 17
■i/ A = Color 
B = Breed 
AB = Color x Breed 
* Significant at .05 level of probability.
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